Abstract: Introduction: It was suggested that specific plants may reduce cancer's resistance to chemotherapy. Resistance inhibits apoptosis, as well as other fundamental anti-cancer protective mechanisms. Soy bean has been found to reduce cellular stress and repair DNA damage caused by drought or parasites, and can transfer this defense mechanism to other plant species as well. The aim of this study is therefore to conduct a systematic comparison of the effect of soy bean formulation (FSWW08) on gene expression in in vitro human breast cancer cell line, and in in vivo in blood circulating tumor cells (CTC), after oral consumption of FSWW08 by patients suffering from breast-, ovarian-, and prostate cancer.
INTRODUCTION
During World War II, the US government developed protective measures against cancer [1] . This served as the model for a long series of similar agents (alkylating agents) killing rapidly growing cancer cells by damaging their DNA -the beginning of chemotherapy [1] .
According to experts in the field two problems have to be solved to improve chemotherapy: Resistance and side effects [2] [3] [4] [5] [6] . Several new approaches are now being studied, including new drugs, new combinations of drugs, new delivery techniques, novel approaches that target drugs more specifically at the cancer cells, first, drugs to reduce side effects and second, agents that overcome multi-drug resistance [2] [3] [4] [5] [6] . Several reviewers suggested that plant based formulations may inhibit resistance against cancer therapy, including Isoflavones, curcuma, vitamin A, and some extracted ingredients from Chinese herbs [4] .
A new concept suggests that cancer develops from a small group of cells similar to stem cells, which means that they are not fully differentiated, show impaired hormone receptor expression (Figure 1) and are both the origin of cancer (Figure 2 ) and responsible for metastasis through migration (Figure 3 ) [6] . The cancer stem cell theory has profound implications for cancer chemotherapy because it explains why it is effective in more differentiated cells but ineffective in cancer stem cells [6] . The spread of cancer is facilitated via migration of the blood (circulating tumor cells or CTC) or the lymph system to other organs (Figure 3) . It was suggested that plant based natural agents may be particularly effective managing CTC, which was shown in vitro [7] . Several chemotherapeutic agents, which do stop fast growing tumors, have the opposite effect on cancer stem cells, causing them to divide too rapidly [8] , as well as increasing stress related oxygen species (ROS), causing resistance to the therapy, whereas some plant ingredients are able to reduce ROS and reduce stress resistance to cancer therapy [9] .
Scientists explain human cancers which sustained proliferation, escape from apoptosis, and genomic instability by mutations of the TP53, ATM (ataxiatelangiectasia mutated (ATM) gene, and MDM2 (Mouse double minute 2 homolog) genes [10] . It is defined that DNA replication stress generates genomic instability and causes suppressed apoptosis [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Recently, researchers have suggested that dietary compounds such as curcumin, sulforaphana, soy Isoflavones, epigallocatechin-3-gallate, resveratrol, lycopene, piperine and vitamin D3 can directly or indirectly affect cancer stem cell self-renewal pathways [9] , as well as reduce unfavorable cellular stress caused by chemotherapy and making chemotherapy more effective [23, 24] . Plants have evolved to live in environments where they are often exposed to different stress factors in combination and are subject to high levels of DNA damage resulting from the plant's obligatory dependence on environmental stresses like solar UV radiation, attacks of yeasts to digest plants, drought, chilling injury, and other air and soil pollutants including heavy metals and metabolic by-products from endogenous processes [24] . Therefore, to survive under frequent and extreme environmental stress conditions, plant cells have evolved with highly efficient and wide-ranging mechanisms for the detection and repair of DNA damage to eliminate the chances of permanent genetic alterations and to maintain genome stability for faithful transfer of genetic information over generations [26] [27] [28] .
Classically plant based anticancer medicine is toxic, often inhibits mitosis, follows the first generation anticancer drugs made from mustard gas and has severe side effects. The here outlined mechanism of DNA repair differs completely from this strategy: it is a non-toxic mechanism, since plants under environmental stress attack are already severely immunologically compromised and need no further reduction of defense mechanisms [25] The DNA repair under stress is a mechanism to strengthen impaired plants. Yeasts and plants share genes for cell repair and DNA protection with mammals like MAPkinase and heat shock protein (Figure 4 ) [25] . MAPkinase cascades are crucial in eukaryotes for transducing the perception of environmental stimuli into internal signaling pathways [30] . Plants have a particularly large number of MAPkinase components, allowing for the control over a wide range of stress response pathways [31] . Interestingly, in Arabidopsis, a unique plant-specific transcription factor Suppressor of Gamma Response 1 (SOG1) acts as the main regulator in DNA damage repair and performs analogous functions to mammalian tp53, which is involved in a majority of the plant's response to DNA damage, such as transcriptional response, activation of cell cycle checkpoint and programmed death of stem cells [32] . It is a tremendously important finding that in plants a factor similar to tumor suppressor factor tp53 exists, which is a hallmark gene factor for cell differentiation in mammals, since in more than 50% of all tumors tp53 is missing [33] . Transcription analyses in Arabidopsis plants and many others have revealed that a fairly high proportion of the genes are associated with DNA damage repair [34, 35] .
Transcription factors are controlled by plant hormones and small proteins (Figure 4) : The expression of soybean miRNAs was investigated in response to water deficit and infection with soybean rust fungus, where all miRNAs were differentially regulated by each stress, usually in an opposite direction [36] . It has been shown that soybeans are able to affect stress response in other species too, like tomato plants as well as tobacco plants [37] . There are numerous studies showing that soy can alter the genome in human cancer cells [38] . This paper therefore systematically investigates the effect of fermented soy bean formulation on cancer cells in vitro, as was shown by others also, in vivo in CTC extracted from blood from cancer patients, which has not been shown before. We detected and reported earlier that the effectiveness of chemotherapy was increased by fermented soy formulation, side effects were reduced, and survival increased [39, 40] . This study investigates in vitro whether a combination of the classic cytotoxic compound doxorubicin may be combined with fermented soy bean and counterbalance some of the side effects of classical chemotherapy on the genetic level. For the first time ever stress DNA repair genes are investigated in blood circulating tumor cells (CTC) in vivo altered by a processed plant.
MATERIALS AND METHODS

a. IRB
The study protocol was reviewed by a local institutional review board (IRB) to protect the rights of patients, safety and well-being of humans involved in a clinical trial by reviewing all aspects of the trial and approving its startup and was published previously [24, 39, 40] . All patients had to sign an Informed Consent Form after the physician explained the study and he read the informed consent form where the study goal was outlined in a written form, in which the study was outlined and participation was voluntarily and it was explained individually to all patients that they could leave the study at any time even without explanation. No patient received a financial compensation for participating in the study, besides received the medication for free. The study fulfilled the Convention of Helsinki in its current form. The data were stored at the Hospital and the data were processed anonymous to protect the identity of the patient.
b. In Vitro Gene Expression Investigation
All in vitro procedures determining the gene expression determination have been described before [24, 39, 40, 44] 
Processing of Harvested Cells
Cells were processed according to recommended procedures by Quiagen with a QIAmp RNA Blood Mini Kit to obtain total-RNA. This was obtained by cryopreservation and Freeze-Drying Protocols of the cell pellet with Quiagen RLT-buffer. Further isolation of RNA was performed by QIA shredder column and QIA spin column. The RNA containing elute was evaluated by reverse transcription. The reaction was conducted with the help of random hexamers and M-MLV transcriptase, so that RNA was transformed to cDNA.
Gene-Expression Determination
Quantitative Real-Time RT-PCR was employed to measure mRNA gene expression. Gene expression measurements were conducted with Sequence Detector 7700 by Applied Biosystems (ABI) Life Technologies, 3175 Staley Rd, Grand Island, NY 14072, USA. A 5´-Nuclease Assay was employed, which was developed by ABI. The method is based on measurement of quantitative determination of cDNA as an equivalent amount of mRNA. For quantitative purposes every gene expression determination was done with a control cell line, which contained mRNA as a standard. The dilution of the control cell line was done in ratio of 1:10.
The measurement was done in a relation as a fraction to an amount of cDNA 2x106. The value obtained in the Real-Time RT-PCR is the cell equivalent (CEQ). All measurements were done in triplicate.
The measured gene expression determination was related to GAPDH and normalized to allow comparison among each other. As an additional method all obtained values were normalized to 1 as an untreated tumor, so that a relative gene expression is expressed in all figures.
Dosing of Test Substances
Doxorubicin is used in cancer mono therapy usually in a dose of 50-80mg/m body surface. The average body surface of an adult is usually 2 m . The injection solution is composed of 2μg Doxorubicin/μl. The amount of blood of an adult person is 5-7 Liter on the average. The dose of FSWW08 is one bottle containing 236 ml per day, half a dose 118 ml twice a day. Substances were tested alone and in combination and compared with an untreated cell line. Gene expression of parameters (BCL2, BAX, TopoII, MDR1, ERBB2 and others, Table 2 
Patients' Characteristics
A pilot study was conducted with 5 ovarian cancer patients, 5 prostate cancer patients, and 7 breast cancer patients (pT1 to pT4, pN0 to PN2, Mo).
Blood Sampling
Two samples of 5 ml ethylenediamine tetraacetic acid blood were collected for isolation of CTCs before the application of therapeutic substances with an SMonovette® (Sarstedt AG & Co, Nürmbrecht, Germany) and were stored at 4°C until further examination.
The samples were processed immediately or not later than 4 hours after blood withdrawal. An additional serum sample was collected to determine serum tumor markers.
Extracting Cancer Tumor Cells from Blood
The methods are described in [40] .
Method of Determination of Gene Expression
The method is described above as in vitro and was used with the same laboratory protocols and equipment. The lower detection limit of this assay is based on spiking experiments two cells per 5 ml [41] . Examination of blood samples of healthy donors (n = 20) yielded a specificity of 95%, which corroborates values in the literature [10] . We detected in all ovarian (100%), all prostate cancer (100%) as well as in 5 from 7 women suffering from breast cancer CTC (71%), which is higher than reported in the literature [41] .
c. Gene Expression in CTC in Cancer Patients Extracted from Blood
We relate gene expression results to two clinical trials, where we investigated a) in a pilot trial over a 4 year period survival [40] and well-being of prostate-, breast-and ovarian cancer, and b) in a multicenter placebo controlled trial in 268 patients [39] . We compared FSWW08 with a casein solution. Besides cachexia, white blood counts and other blood parameters were determined. Patient characteristics can be found in the literature [39, 40] .
Statistical Evaluation
A t-test compares the means of two groups. For example, compare whether relative gene expression differs between a control and treated group. The t test compares one variable between two groups. The ttests (and related nonparametric tests) compare exactly two groups. Software was used of the 2014 version of GraphPad Software, Inc., 7825 Fay Avenue, Suite 230, La Jolla, CA 92037 USA,
RESULTS
The effects of Doxorubicin and FSWW08 on gene expression on GAPDH of BT-474 cells were investigated separately and compared to untreated BT-474 cells (Table 1) ( Figure 5 ). Both Doxorubicin and FSWW08 resulted in reduction of the cell morphology and gene expression of BT-474 (Table 1, Figure 5) . Doxorubicin: The expression of GAPDH was decreased by 50% with low DOX concentration and by more than 90% at higher DOX concentrations. This implies a significant reduction of the number of surviving tumor cells (Table 1, Figure 5) . FSWW08: FSWW08 resulted in a 5-fold decrease of GAPDH gene expression compared to untreated tumor cells and caused up to a 10-fold decrease. This means that FSWW08 had a significant effect on the number of surviving tumor cells. Both Doxorubicin and FSWW08 have to be considered cytotoxic (Table 1, Figure 5 ). (only reported). FSWW08: FSWW08 had at low concentrations no effect on regulation of the antiapoptotic BCL2 expression values ( Table 1) .
BAX gene expression (Table 1, Figure 7) . Doxorubicin had a low effect on the pro-apoptotic BAX expression (not shown here, only reported). Application of FSWW08 on the cell line BT-474 led to an increase of pro-apoptotic (Figure 6 Figure 8) , a marker of tumor resistance. An increase of Doxorubicin led to significant increase of the expression of the MDR1 gene, up to 17-fold increase in the gene expression of MDR1. The expression in the low concentrations of FSWW08 alone decreased by 40%, comparable to untreated tumor cells. 
Combination of Doxorubicin and FSWW08
With the low concentration of 10 DOX, an increasing concentration of FSWW08 also caused an up regulation of the expression of MDR1. With 10 DOX/60 FSWW08 it was possible to achieve an expression corresponding to a 60 FSWW08 mono therapy. A high concentration of Doxorubicin 100 DOX combined with 10 HAL had an effect comparable to Doxorubicin mono treatment. Increasing the amount of FSWW08 (10, 30, 60 FSWW08) caused a decrease in the expression of MDR1. 60 FSWW08 had the effect of a 3-4-fold increase while the available amount of 100 DOX would have caused a 17-fold increase in mono therapy. Apparently the effect of one of the two agents on the MDR1 gene prevailed. If Doxorubicin and FSW008 were given in average concentrations, no increase in MDR1 gene expression was achieved. This means that at low physiologic concentrations fermented soy bean (FSWW08) eliminates drug resistance caused by doxorubicin.
ERBB2 Gene Expression
Doxorubicin alone caused a continuously decreasing ERBB2 expression (not shown here, only reported). While at low concentrations for DOX is still more than 0.7 times of untreated BT-474, higher DOX concentrations already down regulates this receptor tyrosine kinase by 10 times ( Table 1) .
Estrogen Receptors Alpha and Beta Gene Expression
Estrogen receptor alpha is the classical Estrogen receptor alpha to describe breast cancer risk. As can be seen in Table 1 , FSWW08 did not change Estrogen receptor alpha gene expression, but did statistically significantly increase Estrogen receptor beta gene expression (Figure 9 ).
Figure 9:
Circulating Tumor Cells (CTCs) of prostate cancer patients were analyzed for expression of ER-alpha (Estrogen receptor-alpha) and ER-beta, n = 6 mean and SEM. Asterisk denotes differences reach statistically significant different on a 5% probability level.
Gene expression studies with from blood extracted CTC from cancer patients ( Table 1) . Table 1 compares several gene expression investigations obtained by oral consumption of fermented soy bean FSWW08 after 3 month consumptions with those seen in vitro cell culture. Estrogen receptor alpha and beta ( Figures  9,10 ): In agreement with in vitro experiments, Estrogen receptor alpha was not increased in CTC of prostate, ovarian, and breast cancer, however Estrogen receptor beta ( Table 1) .
BAX / Bcl2 Gene Expression
The BAX / Bcl2 ratio is statistically significantly raised in CTC of prostate cancer patients, however not in ovarian and breast cancer in vivo (Table 1, Figures 11-13) , suggesting that FSWW08 increases a proapoptotic state of CTC in prostate cancer. BAX was increased in vitro in breast cancer cells, suggesting a pro-apoptotic effect as well ( Table 1 ).
Figure 10:
Circulating Tumor Cells (CTCs) of ovarian cancer patients were analyzed for expression of ER-alpha (Estrogen Receptor-alpha) and ER-beta n=5 (mean and SEM). Asterisk denotes differences reach statistically significant different on a 5% probability level. GAPDH gene expression: All three different CTC from breast, prostate, and ovarian cancer patients are decreased ( Table 1) , although somewhat smaller than in vitro.
Tp53 Gene Expression
tp53 protein function is considered a gate keeper and hall mark for cell repair and controls many important markers in cancer, as well as cell cycle arrest (Figure 14) and apoptosis. Mutation of tp53 and loss of gene expression have been detected in many cancers. It was found that gene expression of tp53 in CTC was increased in vitro a well as in vivo (Table 1, Figure 15) . The increase in CTC was rather pronounced, suggesting that in the in vivo case, either additional mechanisms occur in CTC or fermented soy may cause additional effects. As is depicted in Figure 15 , tp53 gene expression is sustained over several years.
Tp21 Gene Expression
tp21 is also a key protein in cell repair controlling apoptosis and cell cycle arrest. It may act together with p53 and is important in controlling cancer (Figure 14) . Tp21 is increased rather strongly in vitro as well as in vivo in CTC. Clearly, the effect of FSWW08 on CTC is more pronounced than in vitro in all tumors ( Figures 16-18 ).
MAPK
The expression of the MAPK (Figure 19) , was positively altered by FSWW08 in breast cancer cells. Additionally reduced inflammation in cancer was detected with conventional staining technique, corroborating the gene expression results (Figure 20) , where a histological tissue sample of a breast cancer patient was excised and stained. The conventional staining technique supports the genetic findings that immunity is favorably increased in the tumor.
c-Jun Gene Expression
The intracellular release of cytokines in asthma or allergic reactions is linked to increased c-Jun kinase, p30 MAP-kinase and NF B in local immune cells [12] . The first-generation antihistamines have similar immune modulating responses to FSWW08 and dexamethasone shares similar ability to alter the gene expression of p38, MAPkinase, c-Jun and NF B in myeloma cells, prostate, breast and ovarian cancers [40] . The reduction of c-Jun in CTC extracted from Breast tumors supports the findings that immunity is increased (Figure 19 ).
It is believed that the decline of TNF alpha in the blood of patients (Figure 21 ) is caused by improved barrier function, so that larger molecules cannot permeate the cellular barrier (Figure 22) . The reduction in cachexia (Figure 23 ) by fermented soy bean may very well be related to improved barrier function, documented by the improvements of matrix metalloproteinase 9 gene expression [24] . The cells were extracted from pooled blood.
VEGF Gene Expression
As is depicted in Figure 24 , a statistically significant increase of VEGF gene expression was detected in CTC extracted from prostate and ovarian cancer patients.
Clinical Effects
In cancer patients, appetite and immune status are significantly weakened. A fermented soy formulation FSWW08 (group A, consumed FSWW08 orally) and a placebo formulation (group B) was tested in a clinical Upper row was taken before consumption and lower row was taken 14 days later. ''H&E'' denotes hematoxylin and eosin. Hematoxylin and eosin stain is frequently used for routine tissue preparation. Eosin is an acid aniline dye. It binds to and stains basic structures (or negatively charged structures), such as cationic amino groups on proteins. It stains them pink. It can be interpreted as DNA activity and the loss of color as a reduced DNA activity. F8 as a vascular marker is discussed by Folkman [79] . KI67 is a common marker of anti-angiogenesis. Taken from ref. [38] . Figure 21 : TNF-a blood levels before, during, and after daily consumption of fermented soy. Taken from ref [28] . Cancer and immune cells are sources of cytokines, which support the growth of cancer and lead to psych behavioral symptoms (fatigue, depression, and cognitive impairment), drug toxicity, drug resistance, anorexia and cachexia, pain, and cancer recurrence and progression. Genetic background, cancer treatment, and psychological distress can corroborate the production of cytokines. In cancer survivors, hyperactive immune cells might be the major source of cytokines in psych behavioral symptoms. Taken from ref: [28] .
Figure 23:
Influence of daily consumption of a fermented soy formulation on appetite loss (cachexia) in cancer patients under chemotherapy compared to a group receiving placebo solution containing casein. This was a double-blind study Ref [27] . study, conducted in six cancer hospitals where cancer patients underwent radio or chemotherapy (patients undergoing radiation therapy n = 78, patients undergoing chemotherapy n = 184, total 262) [39] (Figure 23) . Group A experienced statistically significant increases in lymphocyte transformation rates, whereas group B did not (Figure 25) . Formulations A inhibited or lessened statistically significant decreases in white blood counts, whereas the placebo group experienced substantial decreases. Hemoglobin and platelet decreases were inhibited in group A, although not statistically significantly [39] . Patients in group A received no blood transfusions, whereas many patients from the placebo group received blood transfusions undergoing chemotherapy (Figure 24) . Appetite loss was reduced in group A from 57.9% to 13.3%. In the placebo group, an increase in appetite loss was detected under chemo-and radiation therapy from 41.8% to 70.9 % (Figure 26) . This study was conducted in China, but similar results were obtained in the USA at Harvard Medical School [44] .
FSWW08 caused in a small pilot study a higher survival of ovarian cancer patients compared to standard therapy, although not statistically significant [40] . All prostate cancer patients treated with FSWW08 are still alive [40] . The survival of breast cancer patients increased and the survival rate under consumption of FSWW08 can be related to breast cancer patients with high gene expression of tumor suppressor factor p53, which also show a higher survival rate than compared to those without it.
DISCUSSION
The World Health Organization (WHO) reported that cancer causes 63% of deaths worldwide and is the second cause of death in western countries [45] . Cancer is a complex genetic disease with alterations in multiple cellular signaling pathways [46] . Two traits are shared in most cancers: genome instability and mutation tumor-promoting inflammation in the surrounding tissue so that the tumor can grow into surrounding tissue [47] . Chemotherapy against the tumor is mostly conducted with agents inhibiting mitosis or by other cell toxic mechanisms, for example with doxorubicin [48] . Only recently it was found that plants regulate cell growth similar to animals and humans [78] . Animals developed later in the evolutionary development other gene regulating compounds like the steroidal hormones, where estradiol was the first steroidal hormone (and was later diversified into the hormone cascade [79] ).
Plants protect themselves against the growth of a parasite, what is mechanistically similar to a growth of a tumor into a surrounding tissue (Figure 26) , by DNA repair mechanism, what is defined as environmental biotic stress [29] . It is of interest that a tumor may be mechanistically defined as an unwanted intruder that imposes stress on its tissue environment to facilitate its growth (Table 2, Figure 26) . Only recently plant scientists have revealed that many agricultural plants protect themselves against environmental drought stress and injuring yeasts or parasite by similar repair DNA mechanisms, which exist in humans too, like MAPkinase ( Table 2, Figures 4, 19) . Hormones and small RNA actively alter the genomes within a plant and they have even the capability to conduct this in other species too, because it was shown that soybean can pass protective genome mechanism to other plant species too, raising the question whether this mechanism can protect against cancer too [37] .
The clinical importance of stress repair mechanism and the difference to chemotherapy may be illustrated by the fact that the fermented soy formulation discussed here in this study caused also a strong and long lasting reduction of mental stress in soldiers suffering from PTSD, the posttraumatic stress disorder [49] : Severe mental stress is a characteristic of PTSD and cellular and mental stress are related [50] . The same fermented soy bean formulation has been shown clinically in humans to stabilize Amyotrophic Lateral Sclerosis, ALS, what is by definition a progressive cell disease [82] : Although no complete normalization was attained, an inhibition of the progressive state was seen over several years and for the first time ever. As was outlined above this plant cell repair mechanism through abiotic and biotic stress response is non-toxic and no side effects were reported in cancer multicenter trial studies and in the ALS study conducted with the same fermented soy bean formulation, tested here in vitro gene expression studies.
Clinical improvements in cancer patients, relating to mental and cellular stress, have been reported previously by other authors too, investigating the soy ingredient isoflavone genistein, which resulted in increased patient survival time, better quality of life, and reduced adverse effects related to cancer chemotherapy delivering a dose of 1000 to 1200 mg Isoflavones a day [51] . We previously reported also that fermented soy bean (FSWW08), which reduced stress and improved well-being in soldiers, increased quality of life in cancer patients as well, reducing cachexia (Figure 22) , reduced side effects of cancer treatment like cachexia (Figure 23 ) and leukocytopenia ( Figure 25 ) and increased the survival time of cancer patients [40] .
A direct comparison of gene expression changes by FSWW08 formulation was conducted by comparing the effect on cancer tumor cells (CTC) extracted from blood of cancer patients to in vitro cancer cell line treated with cytotoxic doxorubicin ( Table 1) . Gene expressions were conducted with the same protocol, method, and the same laboratory. On the other side CTC of breast cancer patients and the in vitro breast cancer cell line are not from the same donor population. Also, CTC subpopulations might exist with different properties, because cancer cells having the ability to form micro metastases and metastases are likely emerge from CTC, a high medical need exists to develop new methods to characterize the genotype and phenotype of CTC [11]. Although we have not investigated whether subpopulations in our CTC exist, the alterations by fermented soy bean formulations were pronounced.
Comparisons of gene expression cancer marker by fermented soy bean in CTC with the breast cancer cell line BT shows that many anticancer effects like increase of BAX, increase of tp53, c-Jun, tp21, silencing of MAPkinase are increased in a similar manner in vitro cell lines and in CTC ( Table 1) . This investigation corroborates other in vitro investigators, who also saw an improvement of tp53 gene expression in vitro [51] , as well as MAPkinase [52] , NF-B [38] , matrix metalloproteinase [53] [54] [55] , investigating soy ingredients.
This here presented investigation is unique since for the first time ever gene expression in circulating tumor cells extracted from patient blood are represented and are additionally related to new findings in the area of genetic plant science (Table 2) , where plants show a mechanism for cell repair under stress not using any toxic mechanism.
A very important finding is the simultaneous increase of tp53 and tp21 gene expression in CTC, which corroborates the strong apoptotic effect of fermented soy bean formulation, because tp53 reduces cell cycling, increases cell repair and diminishes cellular stress (Figure 14) [56, 58] . Modification and loss of tp53 has been described as a hall mark for cancer and missing in about 50% of all cancer patients [51] . Clearly, there are differences between in vitro and in vivo: in vivo CTC cells have to be considered to be less differentiated, so that the increase of tp21 and tp53 gene expression may have been more pronounced in vivo ( Table 1) . Tp53 is related to increased apoptosis of white blood cell formation too [56] , which we saw in our clinical experiments ( Figure  24 ). Only recently it was found that plants do express very similar repair genes to tp53 to overcome environmental stress [29] .
The additional improvement in barrier function documented by increase of matrix metalloproteinase gene by soy by us and others [39, 55] in combination with strong increase in immunity (Figure 20 ) may very well explain the reduction in cancer side effects through inhibiting cytokine release from the tumor into the blood (Figure 23 ) but also modify the cancer stem cells (CSC) in the tumor, which are believed to drive cancer growth and metastasis. Improving barrier function of plants may be an important mechanism by plants to protect themselves against parasites, injuries, and cuts and they may not have lost its ability when applied in humans.
A special fermented soy bean FSWW08 did increase VEGF gene expression in CTC of prostate and in ovarian cancer patients (Table 1, Figure 24) . Precursor of VEGF have not been identified in yeasts, but in almost all species, where larger tissue is formed ( Table 2 ) [80] .
The concept and limitation of "anti-VEGF" therapy in anticancer treatment is currently strongly debated among researchers, as it failed in breast cancer and there may be even an acquired resistance to anti-VEGF therapy in glioblastoma, which may even increase the invasiveness of Glioblastoma [59] . VEGF is a marker for cellular stress in humans: If oxygen consumption is low, then VEGF is increased in pregnancy to promote blood vessel growth and oxygen supply of the fetus [61] [62] [63] [64] . VEGF helps to reduce cellular stress. As can be seen in Figure 20 where reduced angiogenesis marker and DNA activity have been identified in breast cancer tissue after consumption of the fermented soy bean formulation FSWW08. The recued angiogenesis and improved barrier functions preventing the diffusion of cytokines into the general blood stream (Figure 21) , which are normally responsible for depression, inflammation, fatigue and most of all for cachexia, the appetite loss (Figure 22) , were also improved (Figure 22 ).
Both substances, Doxorubicin and fermented soy bean, had a cytotoxic effect in the human breast cancer cell line BT-474 ( Table 1) . Both substances increased at high doses the expression of MDR1, Doxorubicin even more. At low physiologic doses, however, fermented soy bean reduced multiple drug resistance gene MDR1 even in combination with doxorubicin.
The fact that FSWW08 led to a strong increase in the expression of the pro-apoptotic gene BAX [64, 65] (Figure 7) in cancer, in vitro, while the traditional chemotherapeutic agent Doxorubicin left the expression of this gene unaltered shows that it might at least be beneficial to combine FSWW08 with Doxorubicin for a more effective treatment of cancer. It is not known why FSWW08 did increase BAX in CTC extracted from blood of prostate cancer (Figure 11) , but left those extracted from ovarian and breast cancer unchanged (Figures 12, 13) . Programmed cell death to reduce unnecessary or unwanted cells during development or disease is similar in plants and animals [66, 67] . Common pathways in plants and animals leading to cell death has not been proven [68, 69] . In plants, the triggering of cell death in response to an invading pathogen results in the formation of a zone of dead cells in the vicinity of the infection site [70] . This killing of host cells is frequently associated with resistance to further pathogen multiplication and spread [71] . The tobacco mosaic virus is a model plant parasite and causes host cells death around a pathogenic intruder to prevent from further migrating into the cell. Bcl-2/BAX heterodimers gene controls death and survival of cells in yeasts and in plants [72, 73] and organizes the protection of a plant against an intruder [74, 75] . NF-B (nuclear factor kappa B) family transcription factors are master regulators of immune and inflammatory processes in response to both injury and infection [76] . NF-B exists not in plant cells. However direct precursor cascades were found in plants regulating NO production and is therefore an important factor in plant physiology [81] . It was shown by many investigators that many plants can reduce NF-B in human tissue and cells, as was shown by fermented soy beans also [77] .
No clinically relevant health claims can be made from these in vitro and in vivo studies incorporating FSWW08, since larger statistically relevant studies have to be conducted. It may be, however, suggested that more studies have to be conducted combining plant based medicine with DNA repair with those conducting DNA cytotoxic mechanism. The here tested formulation is not palatable for patients used to Western food. Also it needs to be investigated, which of the ingredients besides Isoflavones may also have caused the gene modifications described in this study.
